ABSTRACT -(Floristic composition, diversity and structure of the "cerrado" sensu stricto on rocky soils in northern Goiás and southern Tocantins, Brazil). The "cerrado" sensu stricto is a savanna woodland physiognomy which occupies most of central Brazil, with the degree of canopy cover varying from 10% to 60% at a site with trees reaching up to seven meters high. It occurs mostly on deep and well-drained soils but can also be found on shallower ones. The diversity and structure of the "cerrado" sensu stricto on shallow and rocky Cambisols and Litosols were studied here. Sixteen 20 x 50 m 2 plots were sampled in a random design over patches of this vegetation in northern Goiás State and southern Tocantins. All stems from 5 cm diameter at 30 cm from the ground level were measured. Vouchers were collected and deposited at the IBGE herbarium. A total of 87 species in 65 genera and 33 families were found. Diversity index was 2.87 nats ind -1 , density was 836 stems ha -1 with a basal area of 8.4374 m 2 ha -1 . Sørensen's index indicated higher similarities between plots at the same site indicating a geographical gradient influencing the floristic composition of the "cerrado" sensu stricto on rocky soils. Czekanowski's index confirmed this trend. TWINSPAN classification final groups were defined by preferential species of more fertile soils, in opposition to those typical of dystrophic soils and to common species to gallery forests occurring on sloping terrains with gullies.
Introduction
The "cerrado" sensu stricto is a savanna woodland physiognomy, with the degree of canopy cover varying from 10% to 60% at a site with trees reaching up to seven meters high (Eiten 1972 (Eiten , 1983 , which occupies most of central Brazil (Ribeiro & Walter 1998) . It occurs on the uplands mostly on deep and well drained soils presenting an herbaceous layer dominated by grasses and a woody layer with varying heights mostly from three to five meters. The two layers are rich in species but present few epiphytes .
Several authors found changes in the floristic composition and physiognomy of "cerrado" formations related to environmental traits especially soil and water (Waibel 1948 , Alvin & Araújo 1952 , Goodland 1971 , Eiten 1978 , Goodland & Ferri 1979 , AB'Saber 1983 , Cole 1986 , Silva Júnior et al. 1987 , Araújo & Haridasan 1989 , Eiten 1991 , Ratter & Dargie 1992 , Felfili & Silva Júnior 1993 , Felfili et al. 1994 , Haridasan et al. 1997 , Rossi et al. 1998 , Ratter et al. 2000 . Felfili et al. (2000) , analyzing changes in the floristic composition in permanent plots of "cerrado" sensu stricto over nine years verified that this vegetation is resilient to disturbances by fire and tend to persist as a physiognomy showing changes in dominant species over time. These show that there are spatial and temporal gradients influencing the patterns of diversity and structure in the "cerrado" sensu stricto.
Although occurring mostly in Latosols on the uplands, the "cerrado" sensu stricto occurs in lesser proportions in Neosols, Cambisols and Litosols, especially in the latter two that according to Reatto et al. (1998) represent about 3.1% and 7.3% respectively of the "cerrado" biome area. "Cerrado" vegetation occurs as mosaics in central Brazil with similar patches occurring in disjunct sites of the biome. The physical conditions that determine the occurrence of the mosaics were analyzed by Cochrane et al. (1985) that proposed a land system zoning for central Brazil, adopted as a basis for the project Biogeography of the "cerrado" biome (Felfili et al. 1994 , Haridasan et al. 1997 , Filgueiras et al. 1998 , Felfili et al. 2004 , where the authors have showed that there is an agreement in floristic and structural patterns of the vegetation and the proposed zoning. Environmental characteristics have a greater influence on floristic and structure of the vegetation than the geographic proximity (Felfili et al. 1994 .
Most studies are focused on "cerrado" sensu stricto on Latosols and Neosols while little is known on this vegetation on Cambisols and Litosols, especially those on rocky and concretionary soils. Floristic differentiations are expected for the "cerrado" sensu stricto on rocky soils due to the shallowness of the soils and the rock coverage that probably exert a selective pressure on the species establishment and development.
The objective of this study was to analyse the floristic composition, alpha and beta diversity and the phytosociological structure of the "cerrado" sensu stricto on rocky soils over a geographic gradient in northern Goiás and southern Tocantins.
Material and methods
Study-sites -The sampling was conducted at the north and northeastern Goiás State and southern Tocantins State on rocky soils (table 1) including several patches of "cerrado" sensu stricto on rocky and concretionary soils on sloping terrain. IBGE 1:100.000 charts (IBGE 1988) were used to guide the field regional survey in search of patches of the "cerrado" sensu stricto.
The climate of the region is Aw by Köppen classification, the vegetation is a mosaic of "cerrado" sensu stricto on Latosols, on Neosols, on Cambisols, and on Litosols, gallery forests and semideciduous forests. Seasonally deciduous forests also occurs in southern Tocantins (Brasil 1981 , 1982 , Cochrane et al. 1985 , IBGE 2006 . Table 1 . Latitude, longitude, altitude, soil types of the study sites in Goiás and Tocantins States in central Brazil. Source: BRASIL (1981 , 1982 , Cochrane et al. (1985) and IBGE (2006) Each stem from bifurcated trees below 30 cm from the ground level was measured and had their basal area calculated. The height, as a vertical projection of the top of the crown to the ground level, was measured with a telescopic rod graduated in centimeters. Geographic coordinates were taken with a GPS (Global Positioning System) and altitude was taken with an altimeter. All the measures were taken following the methodology of the project 'Biogeography of the "cerrado" biome' (Felfili et al. 2004) . Vouchers were collected during the survey and in other excursions conducted during the dry and the wet seasons. They were deposited in the IBGE herbarium. Floristic diversity -Shannon's diversity index and Pielou's evenness index were used to evaluate alpha diversity, which is related to the number of species and the distribution of individuals per species in a community. Species were listed according to the system of Cronquist (1988) . The beta diversity, related to the differences in species composition and abundance between sites (Kent & Coker 1992) , was evaluated by similarity indices and also by multivariate analyses. Shannon's diversity index (nats individual -1 ) varies from zero to positive values depending on the chosen logarithmic scale but rarely surpasses five. The less even the distribution of the number of individuals per species the closer to zero becomes the Pielou's evenness index (Margurran 1988) . Beta diversity -Beta diversity or habitat diversity refers to the differences in species composition between different areas or environments (Margurran 1988) . It can be either the differences between different vegetation types in a site or between the same physiognomy along a gradient (Felfili & Rezende 2003) . Beta diversity is the opposite of similarity, if the similarity between the plots is high the beta diversity is low and viceversa (Felfili et al. 2004) . The same occurs in the interpretation of multivariate analyses, if the grouping is strong the beta diversity is low and vice-versa. Both approaches were used in this study to analyse beta diversity.
The presence-absence based similarity index of Sørensen and the Czekanowsky (Percent Similarity) index, that considers species abundance too (Kent & Coker 1992) , were used to evaluate Beta diversity to check the patterns regarding the floristics as well as the community structure (Felfili et al. 2004) .
The complete data set, a matrix of 87 species per 16 plots was classified by TWINSPAN and ordinated by Detrended Correspondence Analysis (DCA) (Kent & Coker 1992) . The variable density (number of trees) of species per hectare for each site was used for the construction of the matrix for the multivariate analyses with cut levels of one, two, five and 10 for TWINSPAN classification. The groups derived from the classification were considered strong if the eigen-values were equal or higher than 0.3 (Hill 1979) . Structure -The phytosociological parameters density, dominance (basal area), frequency and IVI (Kent & Coker 1992) were calculated. The distribution of the individuals per diameter classes as well as the distribution of species by diameter classes were analysed, the division in classes followed Spiegel's formulae quoted by Felfili & Rezende (2003) .
Results
Alpha diversity, floristic composition and structure -A total of 87 species in 65 genera and 33 families were found in the "cerrado" sensu stricto on rocky soils (table 2). Shannon's diversity index was 2.87 nats ind -1 , Pielou's evenness index was of 0.78. continuation area than Qualea parviflora as well as Davilla elliptica presented lower basal area than Curatella americana as a reflection of the small size of their individuals. A third of the species contained only one individual per ha confirming the pattern found for "cerrado" physiognomies where few species contain most of the plant density (Felfili 2000) .
Regarding the diameter distribution (figure 1) almost all species reach up to 23 cm with 75% of them between five and 11 cm. A total of 97% of the individuals are below 26 cm with around 80% of them under 11 cm. Therefore, the majority of species and individuals reach at the most 11 cm diameter. Only ten species presented individuals above 26 cm diameter, they were Callisthene mollissima, Caryocar brasiliense, Curatella americana, Emmotum nitens, Erythroxylum campestre, Mouriri elliptica, Pseudobombax longiflorum, Qualea grandiflora, Qualea dichotoma, Simarouba versicolor. Beta diversity -Sørensen's index (figure 2) showed in general, higher similarities between plots at the same site or at least at the same Municipality indicating a geographical gradient influencing the floristic composition of the "cerrado" sensu stricto on rocky soils. Beta diversity was higher when comparing plots of Tocantins State in Almas with those in Goiás. Within Goiás, the plots of Mararosa differed the most from the others. Czekanowski's index (figure 3) confirmed this trend but the beta diversity was lower between the plots in Tocantins and those in Goiás. Mararosa in the North of Goiás showed a structure closer to the plots in Cavalcante and Colinas.
TWINSPAN classification (figure 4) showed strong divisions forming at the first level (eigen-values = 0.3854) a large group with Curatella americana as an indicator species containing plots characterized by species preferential to richer soils such as Astronium fraxinifolium, Callisthene fasciculata, Dilodendron bipinnatum and another smaller group characterized by Myrcia multiflora and Mouriri elliptica plus the gallery forest species Protium heptaphyllum and Copaifera langsdorffii, common between gallery forest and "cerrado" (Felfili & Silva Júnior 1992) . At a second level of division the plots from Almas (P9 and P10) were separated from the others in the first group and the plot containing gallery forest species was separated from the others in the second group at this level. In this latter plot, occurred a gulley where water rises at the rainy season giving support to the establishment of gallery forest species. At a third level of division the plots containing indicator species of fertile soils were separated from the others. The divisions were strong with eigen values above 0.3, suggesting a high beta diversity among plots.
TWINSPAN classification final groups were defined by preferential species of more fertile soils, in opposition to those typical of dystrophic soils and to common species to gallery forests occurring on sloping terrains with gullies. 
Discussion
The ratio species x genera was nearly 1:1 suggesting a high genetic diversity within the woody component of the "cerrado", most species are not closely related to the others as also suggested by Felfili (1995) for gallery forest.
Shannon's diversity index was within the range found by Felfili et al. (1994 Felfili et al. ( , 1997 ) for "cerrado" sensu stricto in Latosols and in Neosols, following the same sampling methodology, suggesting that in this gradient of "cerrado" sensu stricto on rocky soils the diversity is high, reaching levels found for this physiognomy on the predominant soil types of the biome.
The values of density and basal area were also within the range found in several sites covered by the "cerrado" sensu stricto on Latosols or Neosols studied under similar methodology (Felfili & Silva Júnior 1992 , 1993 , Felfili et al. 1994 , Rossi et al. 1998 . Five percent of dead standing trees is a value commonly found for the "cerrado" sensu stricto and indicates low disturbance in this vegetation (Felfili & Silva Júnior, 1992 , 1993 , Felfili et al. 1994 Callisthene mollisima is a typical species in that region which is also favourable to the growth of Davilla and Curatella. This latter according to Felfili & Silva Júnior (1993) is typical of low altitude sites, those sites under 1,000 m high.
Qualea parviflora occurred in all sampled plots corroborating the widespread distribution of this species in central Brazil as found by Ratter & Dargie (1992) , Felfili & Silva Júnior (1993) , Ratter et al. (2000) . Only nine of the 87 species occurred in more than 50% of the plots while 24 were found in only one plot. Few species are abundant and widespread in tropical formations as well as in the cerrado (Felfili 1995) .
Preferential species of the first group by TWINSPAN were indicator species of fertile soils, some common to seasonal forests on limestone (table 2). The amount of litter accumulated in between rocks of these younger soils compared to the Latosols seems to be enough to support those species.
The floristic composition varies through the diameter classes since most species found in this study are smallsized and do not reach the larger classes. Therefore, richness decreases from the smaller to the higher diameter classes, a trait also common to gallery forests (Felfili 1995) and "cerrado" sensu stricto on Latosols (Felfili & Silva Júnior 1988) in central Brasil.
Preferential species by TWINSPAN classification, Callisthene mollisima, Curatella americana, Davilla elliptica, Mouriri elliptica, and Myrcia multiflora plus several indicator species of richer soils seem to be typical of "cerrado" sensu stricto on rocky soils in the region.
The "cerrado" sensu stricto on rocky and concretionary soils presented structural and diversity patterns in the same range to those found for this vegetation in other substrates over central Brazil. Generalist species such as Qualea parviflora were present in all plots but a geographical gradient could be detected. Preferential species to more fertile soils, to dystrophic soils and to humid soils in the gullies determined the species grouping.
